INTRODUCTION
============

Metabolic syndrome (MetS) comprises a cluster of metabolic abnormalities associated with insulin resistance. With the increase in the proportion of the population with obesity and a sedentary lifestyle in recent decades, MetS prevalence has been increasing worldwide.[@B1] The prevalence of MetS among adults in the United States has increased steadily since 1988.[@B2] According to the Korean National Health and Nutrition Examination Survey (KNHANES), the age-adjusted MetS prevalence in Korea increasedf rom 24.9% in 1998 to 31.3% in 2007.[@B3]

MetS is a well-known risk factor for diabetes and cardiovascular disease.[@B4],[@B5] In addition, an association between MetS and renal disease has been suggested,[@B6],[@B7] and several studies[@B6],[@B8],[@B9] have found a significant association between MetS and a decrease in the estimated glomerular filtration rate (GFR), which is indicative of advanced chronic kidney disease (CKD). Given that the number of patients on dialysis therapy probably related to end-stage renal disease has been increasing in Korea,[@B10] it seems necessary to identify risk factors for renal disease at an early, modifiable stage.

Microalbuminuria is defined by an abnormally high albumin excretion rate in the urine (30 to 300 mg/g creatinine) and has been used to identify individuals at increased risk of cardiovascular disease and CKD as it reflects vascular endothelial damage at an early stage of these diseases, whereas GFR is generally well preserved until later stages of CKD.[@B11]

To date, only a few studies, including one Korean study,[@B12],[@B13],[@B14],[@B15] have evaluated the association between MetS and microalbuminuria as a marker for early-stage CKD. In addition, findings regarding the relationship between individual MetS components and microalbuminuria were inconsistent between these studies. For example, high density lipoprotein cholesterol (HDLC) and triglyceride levels were not associated with microalbuminuria in some studies[@B13],[@B15] but were significantly associated with microalbuminuria in the Korean study.[@B12] Furthermore, the analysis of covariates was limited, and the effects of alcohol consumption and physical activity were not considered.[@B12],[@B13],[@B15]

Thus, in this study, we evaluated the association between MetS and microalbuminuria using the large volume of population-based data available from the KNHANES and considering a range of covariates.

METHODS
=======

1. Study Subjects
-----------------

This study is a secondary analysis of data from the KNHANES, which is a cross-sectional study conducted by the Korea Centers for Disease Control and Prevention using nationally representative samples selected using a stratified, multistage, probability-sampling design on the basis of sex, age, and geographical area of the registered households.[@B16]

Our study subjects were Korean adults aged 19 years or older who participated in the second (2011) and third (2012) years of the fifth wave of the KNHANES.[@B16] Of the 12,859 survey participants, we excluded 4,362 with data missing for MetS components (1,659 participants) or microalbuminuria (892 participants). We also excluded participants who fasted for less than 12 hours (1,705 participants) and those with macroalbuminuria (\>300 mg/g, 106 participants). Thus, a total of 8,497 subjects (3,625 men and 4,872 women) were included in the analysis. The study protocol was approved by the institutional review board of the Samsung Medical Center, Seoul, Korea (2014-06-026).

2. Data Collection and Measurement of Metabolic Risk Factors
------------------------------------------------------------

The KNHANES is composed of three parts: a health interview, a health examination, and a nutrition survey. Data on medication use (antihypertensive agents and hypoglycemic agents) and health behaviors such as smoking, alcohol consumption, and level of physical activity were collected using a self-administered questionnaire.[@B16] Based on the smoking status, subjects were categorized into three groups: never smokers, ex-smokers, and current smokers. Based on the alcohol consumption, subjects were categorized as nondrinkers, occasional drinkers (no more than once a week), and frequent drinkers (at least twice a week).[@B17] We categorized subjects into a physically active group or inactive group based on the strength, duration, and frequency of their physical activity. The physically active group included those involved in a moderate level of physical activity for at least 30 minutes per day for 5 days per week or vigorous physical activity for at least 20 minutes per day for 3 days per week.[@B18]

Data on education level were collected through the health interview and categorized into three groups according to the years of education achieved: ≤9 years (middle school or lower level), 10 to 12 years (high school), and ≥13 years (college or higher).

Body size measurements were conducted by trained medical staff according to standardized procedures. Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m^2^). Waist circumference was measured at the midpoint between the lowest level of the ribs and the iliac crest at the mid-axillary line. Blood pressure (BP) was measured three times at 5-minute intervals using a sphygmomanometer with the individual in a sitting position. For our analysis, the mean value of the second and third measurements was used.

Blood samples were taken after fasting for at least 12 hours. The levels of glucose, triglyceride, and HDLC were measured using the Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan) in a qualified central laboratory.

A random urine sample was collected during the first morning void, and urinary albumin concentration (µg) was measured using a turbidimetric immunoassay (Hitachi Automatic Analyzer 7600). Urinary creatinine concentration (mg) was measured using a colorimetric method (Hitachi Automatic Analyzer 7600), and the albumin-to-creatinine ratio (mg/g) was calculated by dividing the urinary albumin concentration by the urinary creatinine concentration. Microalbuminuria was defined as a urinary albumin-to-creatinine ratio of 30 to 300 mg/g, in accordance with the definition of the International Diabetes Federation.[@B19]

3. Definition of Metabolic Syndrome
-----------------------------------

In the present study, we used a definition of MetS recommended by the joint interim statement of international organizations (International Diabetes Federation; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity).[@B1]

MetS was defined by the presence of three or more of the following risk factors: abdominal obesity (waist circumference ≥90 cm for men and ≥80 cm for women), high BP (systolic BP ≥130 mm Hg and/or diastolic BP ≥85 mm Hg), hypertriglyceridemia (≥150 mg/dL), low HDLC level (\<40 mg/dL for men and \<50 mg/dL for women), or high fasting glucose level (≥100 mg/dL). Subjects who reported taking antihypertensive agents or hypoglycemic agents were considered to have high BP or a high fasting glucose level, respectively.

4. Statistical Analysis
-----------------------

We compared the characteristics of study subjects according to the presence of MetS using the χ^2^ test for categorical variables and t-test for continuous variables. We evaluated the association between MetS and microalbuminuria using logistic regression analysis. For multivariable-adjusted analysis, age, smoking status, alcohol consumption, physical inactivity, and education level were defined as covariates.

All analyses were conducted using IBM SPSS ver. 21.0 for Windows (IBM Co., Armonk, NY, USA) taking sampling weights and the complex survey design into consideration. We considered a two-tailed P-value \<0.05 to be statistically significant.

RESULTS
=======

The weighted MetS prevalence in the present study was 28.8% for women and 26.3% for men, and the weighted prevalence of microalbuminuria was 6.7% for women and 5.2% for men. [Figure 1](#F1){ref-type="fig"} shows the prevalence of microalbuminuria according to MetS status. In men, 11% of those with MetS had microalbuminuria, whereas only 3.1% of those without MetS had microalbuminuria (P \< 0.001). In women, the prevalence of microalbuminuria was 14.4% in those with MetS and 6.7% in those without MetS (P \< 0.001).

[Table 1](#T1){ref-type="table"} shows the weighted demographic and clinical characteristics of study subjects. For both sexes, the albumin-to-creatinine ratio was significantly higher in subjects with MetS than in those without MetS. The waist circumference, BMI, systolic and diastolic BP, fasting glucose level, and triglyceride level were significantly higher, whereas HDLC level was significantly lower, in subjects with MetS than in those without MetS for both sexes. The distribution in terms of smoking status and physical inactivity did not differ between women with and without MetS, whereas current smoking and physical inactivity were more prevalent in men with MetS than in those without MetS. Although alcohol consumption was less prevalent in subjects with MetS for both sexes, frequent drinking was more prevalent in the MetS group in men, whereas occasional drinking was more prevalent in the MetS group in women. The level of education tended to be lower in subjects with MetS than in those without MetS for both sexes.

[Table 2](#T2){ref-type="table"} shows the association between MetS and its components with microalbuminuria for women. Compared with those without MetS, women with MetS had a 2.79-fold higher risk of microalbuminuria after adjusting for covariates. Analysis of the association between each MetS component and microalbuminuria indicated that all components were associated with a significantly increased risk of microalbuminuria after adjusting for covariates, with the strongest association occurring for high BP (odds ratio \[OR\], 2.99; 95% confidence interval \[CI\], 2.08 to 4.28) and the lowest association for HDLC level (OR, 1.51; 95% CI, 1.12 to 2.05). When we repeated the analyses after applying the criterion for abdominal obesity of waist circumference ≥85 cm, as recommended by the Korean Society for the Study of Obesity,[@B16] the association between MetS or abdominal obesity and microalbuminuria did not change (data not shown).

[Table 3](#T3){ref-type="table"} shows the association between MetS and its components and microalbuminuria for men. Compared with those without MetS, men with MetS had 3-fold higher risk of microalbuminuria after adjusting for covariates. We also found an association between individual MetS components and microalbuminuria, with all of the MetS components associated with a significantly increased risk of microalbuminuria after adjusting for covariates, the strongest being high BP (OR, 3.33; 95% CI, 2.20 to 5.05) and the weakest being HDLC (OR, 1.56; 95% CI, 1.11 to 2.19).

[Figure 2](#F2){ref-type="fig"} shows that, for both sexes, the risk of microalbuminuria gradually increased in a dose-dependent manner with each increase in the number of MetS components (P for trend \< 0.001). Compared with those without any MetS component, those with five of the MetS components had a 7.97-fold (95% CI, 4.20 to 15.11) higher risk of microalbuminuria for women, and a 10.43-fold (95% CI, 3.81 to 28.53) higher risk of microalbuminuria for men, respectively, after adjusting for covariates.

DISCUSSION
==========

In this large population-based cross-sectional study of Korean adults, we found that MetS and each component of MetS were positively associated with microalbuminuria for both sexes, even after adjusting for covariates. The risk of microalbuminuria tended to increase as the number of MetS components increased.

Previous studies have consistently shown a positive association between MetS and CKD, as assessed by estimated GFR, regardless of the various definitions of MetS applied in these studies.[@B6],[@B8] In addition, this association has been found consistently in studies of subjects without diabetes[@B6],[@B7],[@B8] as well as in studies of diabetic patients.[@B20],[@B21]

Although few studies have evaluated the relationship between MetS and microalbuminuria,[@B12],[@B13],[@B14],[@B15],[@B22] most have found a significant association. In a community study of Japanese people aged 40 to 87 years, MetS was associated with an increased risk of microalbuminuria with an OR (95% CI) of 1.99 (1.49 to 2.66) after adjusting for age and sex.[@B13] A Korean study also found a significant association between MetS and microalbuminuria, although that study was conducted on relatively healthy subjects with a much lower MetS prevalence (10.4%) than the general Korean population.[@B12] The consistency in findings between these studies, including our study, suggest that the observed association between MetS and microalbuminuria is true. However, given that most studies on this issue have been conducted with a cross-sectional design, prospective studies would be needed to confirm the positive association between MetS and microalbuminuria.

Despite the consistent association between MetS and microalbuminuria in previous studies, findings on the association between individual MetS components and microalbuminuria were controversial. Fasting glucose level and BP were consistently found to be associated with microalbuminuria; however, differing results were reported for the association between microalbuminuria and abdominal obesity and HDLC and triglyceride levels.[@B12],[@B13],[@B15] The previously cited Japanese study showed that high glucose level and high BP were the main components of MetS associated with an increased risk of microalbuminuria, whereas they showed no association for the other components.[@B13] In the Japanese study, abdominal obesity was defined as a BMI ≥25 kg/m^2^ as opposed to a measure based on waist circumference, and thus, the findings on abdominal obesity from that study cannot be compared directly with those from other studies using data based on waist circumference. In another study using data from the National Health and Nutrition Examination Survey III in the United States,[@B15] high BP and high glucose level were associated with microalbuminuria for both sexes, whereas low HDLC and high triglyceride levels were not. Finally, the previous Korean study[@B12] found a significant association between microalbuminuria and all MetS components with the exception of waist circumference.

Our study is the first to show a significant association between microalbuminuria and all components of MetS, although fasting glucose level and BP had higher ORs than other components. The underlying biological mechanism for the association between high BP and microalbuminuria may be related to the renal hemodynamic changes associated with essential hypertension: direct transmission of increased systemic pressure to the glomeruli, increased glomerular filtration, reduced tubular reabsorption of albumin, and structural damage to the glomeruli and arterioles.[@B23],[@B24] The mechanisms involved in the association between elevated fasting glucose level and microalbuminuria may be similar to those involved in the development of microalbuminuria in type-2 diabetes: damage of the glomerular filtration barrier, reactive oxygen species, inflammatory cytokines, and growth factors.[@B25] Although the mechanisms of the association between lipid levels and progression of renal disease are not yet fully understood, abnormal serum lipoprotein levels in addition to diabetes and hypertension could precede, and possibly be responsible for, the development of atherosclerosis and nephrosclerosis resulting in microalbuminuria.[@B26] In an animal model, lipid-lowering agents were found to improve glomerular damage, preventing glomerulosclerosis and interstitial fibrosis.[@B27] In addition, the similarities of anatomical origin and functional properties between glomerular mesangial cells and vascular smooth muscle cells seemed to provide clues to analogous cellular responses common to both atherosclerosis and glomerulosclerosis.[@B26],[@B28]

In this study, we used the albumin-to-creatinine ratio as a measure of microalbuminuria. Traditionally, albumin excretion rate has been measured on the basis of a 24-hour urine collection. However, 24-hour urine collection has some disadvantages such as inconvenience and a low reliability related to collection errors. Recently, critics have raised the issue that there has been no evidence that timed urine collection provides more clinically valid information than a urinary albumin-to-creatinine ratio,[@B29] and studies have revealed that spot urinary albumin-to-creatinine ratio for the detection of albuminuria gives similar values to those obtained from 24-hour urine collection.[@B30] Thus, in accordance with recommendations published by major international organizations, including the National Kidney Foundation, the American Diabetes Association, the International Diabetes Federation, and the National Institutes of Health, most recent studies have used the albumin-to-creatinine ratio from a spot urine sample to detect microalbuminuria.[@B29]

The present study has a number of strengths. First, study subjects were selected from the participants of the KNHANES, a highly comprehensive nationwide survey, which supports the generalizability of our results. Second, we were able to consider a wide range of covariates, which allowed a more accurate evaluation of the association between MetS and microalbuminuria.

However, the present study also has some limitations. First, its cross-sectional design made it difficult to infer causality between MetS and microalbuminuria. However, in a biological sense, it seems less plausible that microalbuminuria resulted in MetS. Second, microalbuminuria was assessed only once, which could have resulted in some misclassifications of microalbuminuria. Third, we did not consider subjects receiving lipid-lowering therapy to have high triglyceride or low HDLC levels, because we could not ascertain the exact purpose of this medication given the clinical situation that lipid-lowering agents can be prescribed to decrease low-density lipoprotein cholesterol or triglyceride levels or to increase HDLC levels. However, when we repeated the analyses after recategorizing those taking lipid-lowering agents into those with high triglyceride levels and those with low HDLC levels, the association between MetS and microalbuminuria did not change. Fourth, we could not consider the amount of alcohol consumption and more detailed information about physical activity. Finally, a large number of KNHANES participants were excluded from this study due to missing or inaccurate information on metabolic components. This may have reduced the representativeness of our study.

In conclusion, this study showed that MetS is significantly associated with microalbuminuria in the Korean population, and this association increases in a dose-dependent manner with the number of MetS components. These findings suggest that MetS is a risk factor for CKD from an early stage.
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###### Characteristics of study subjects according to MetS
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Values are presented as mean (standard error) or percentage.

MetS: metabolic syndrome.

^\*^P-values were obtained by t-test or χ^2^ test.

###### Association of MetS and its components with microalbuminuria in women
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OR: odds ratio, CI: confidence intervals, MetS: metabolic syndrome.

^\*^ORs and 95% CIs were estimated using logistic regression analyses. ^†^Multivariable-adjusted analysis was conducted with an adjustment for age, smoking status, alcohol consumption, physical inactivity, and education level.

###### Association of MetS and its components with microalbuminuria in men
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OR: odds ratio, CI: confidence intervals, MetS: metabolic syndrome.

^\*^ORs and 95% CIs were estimated using logistic regression analyses. ^†^Multivariable-adjusted analysis was conducted with an adjustment for age, smoking status, alcohol consumption, physical inactivity, and education level.
